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Abstract
Background: Peak oxygen uptake is an independent predictor of mortality in patients with coronary artery disease
(CAD). However, patients with CAD are not always capable of reaching peak effort, and therefore submaximal gas
exchange variables such as the oxygen uptake efficiency slope (OUES) have been introduced. Baseline exercise capacity as
expressed by OUES provides prognostic information and this parameter responds to training. Therefore, we aimed to
assess the prognostic value of post-training OUES in patients with CAD.
Methods: We included 960 patients with CAD (age 60.6 9.5 years; 853 males) who completed a cardiac rehabilitation
program between 2000 and 2011. The OUES was calculated before and after cardiac rehabilitation and information on
mortality was obtained. The relationships of post-training OUES with all-cause and cardiovascular (CV) mortality
was assessed by Cox proportional hazards regression analyses. Receiver operator characteristic curve analysis was
performed in order to obtain the optimal cut-off value.
Results: During 7.37 3.20 years of follow-up (range: 0.45–13.75 years), 108 patients died, among whom 47 died due to
CV reasons. The post-training OUES was related to all-cause (hazard ratio: 0.50, p< 0.001) and CV (hazard ratio: 0.40,
p< 0.001) mortality. When significant covariates, including baseline OUES, were entered into the Cox regression
analysis, post-training OUES remained related to all-cause and CV mortality (hazard ratio: 0.40, p< 0.01 and 0.26,
p< 0.01, respectively). In addition, the change in OUES due to exercise training was positively related to mortality
(hazard ratio: 0.49, p< 0.01).
Conclusion: Post-training OUES has stronger prognostic value compared to baseline OUES. The lack of improvement
in exercise capacity expressed by OUES after an exercise training program relates to a worse prognosis and can help
distinguish patients with favorable and unfavorable prognoses.
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Introduction
Exercise capacity, as expressed by peak oxygen uptake
(peak VO2), is an independent predictor of all-cause
and cardiovascular (CV) mortality in patients with cor-
onary artery disease (CAD), meaning that patients with
an impaired exercise capacity are at higher risk of fatal
(cardiac) events.1–4 For many years, the gold standard
for the measurement of aerobic exercise capacity has
been peak VO2.
2,5,6 However, we recently showed that
almost 12% of patients with CAD are unable to per-
form a truly maximal exercise test.7 In this subset of
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patients, peak VO2 might be less meaningful for deter-
mining cardiorespiratory response to exercise.
For this reason, several submaximal exercise vari-
ables have been proposed as alternative measures for
assessing exercise capacity in diﬀerent patient popula-
tions. The advantage of these submaximal exercise vari-
ables is that they can be determined even when the
exercise test is interrupted prematurely and are there-
fore not limited by medical, motivational or subjective
factors. One of those parameters is the oxygen uptake
eﬃciency slope (OUES), which is a marker of cardio-
respiratory functional reserve that represents the rela-
tionship between minute ventilation (VE) and oxygen
uptake (VO2) during graded exercise.
8–10 The OUES is
an established measure of exercise capacity in patients
with cardiac diseases.8,11–14 Furthermore, it seems to be
the preferred alternative measure for peak VO2 in case
of submaximal exercise testing, since it correlates
highly with peak VO2 and it has high test–retest
reliability.13,15–17
Structured cardiac rehabilitation programs result in
signiﬁcant improvements in exercise capacity10,12,15 and
survival in patients with cardiac diseases.10,12,15,18–22 It
has been shown that the OUES responds to training
and that this training-induced change in OUES correl-
ates signiﬁcantly with the change in peak VO2 after
training.10,23,24 Furthermore, previous research pro-
vided evidence for a stronger prognostic value of
post-training exercise capacity when compared to base-
line exercise capacity.25 Therefore, it seems justiﬁed to
investigate the prognostic value of the post-training
OUES and the training response in cardiac patients.
Materials and methods
Study population
All patients with CAD who completed the outpatient
cardiac rehabilitation program for the ﬁrst time at the
University Hospitals Leuven (Belgium) between
January 2000 and March 2011 were retrospectively
included in the study. CAD was deﬁned by a recent
history of acute myocardial infarction, percutaneous
coronary intervention or coronary artery bypass sur-
gery. Patients were not included if they presented with
exercise-induced myocardial ischemia and/or malignant
ventricular arrhythmias. Moreover, CAD patients with
congenital heart disease, pacemakers or implantable
cardioverter deﬁbrillators were excluded. The study
was approved by the local ethical committee. General
and demographic information, exercise testing data,
drug treatment and the presence of CV risk factors
were collected at the time of enrollment in the rehabili-
tation program. This included clinical anamnesis for
the detection of the familial predisposition for heart
disease, history of diabetes, history of hypertension
and smoking habits. Blood pressure and body mass
index were objectively measured and current drug treat-
ment was registered by the prescribing physician.
Cardiopulmonary exercise test
Graded exercise tests were performed on a cycle ergom-
eter (Siemens-Elema 380B; Ergometrics 800 S,
Ergometrics, Bitz, Germany) in an air-conditioned
laboratory where the room temperature was regulated
at 18–22C. Patients were asked to cycle at a constant
pace of 60 rpm. The initial workload of 20W was
increased by 20W every minute. Blood pressure was
measured at rest with the patient sitting on the bicycle
and every 2 minutes during graded exercise. Heart rate
and a 12-lead electrocardiogram (Max Personal
Exercise Testing, Marquette, WI, USA) were regis-
tered continuously. Inspired and expired gasses were
analysed breath by breath by means of the Oxycon
Pro (Jaeger, Mijnhardt, The Netherlands). All patients
were asked to perform a graded exercise test until
exhaustion or until symptoms appeared. Exhaustion
was deﬁned by the patients, based on feelings of
exhaustion, dyspnea, pain and/or tiredness in the legs.
Peak values were deﬁned as the 30 second average at
the highest workload achieved during the cardiopul-
monary exercise test (CPET). Peak VO2 was compared
to predicted normal values.6 Peak respiratory exchange
ratio (RER) was calculated by dividing peak carbon
dioxide (VCO2) by peak VO2.
Respiratory data were averaged every 15 seconds.
The ﬁrst minute of exercise was excluded because of
the often very irregular breathing pattern at the onset
of exercise. Robust regression was used for the calcula-
tion of the OUES in order to account for possible out-
liers. The OUES was determined from the relation
VO2¼ alog10VEþ b, where a is the OUES and b is the
intercept.8 Results for the OUES were compared to the
body surface area-adjusted predicted normal values
based on the equations proposed by Buys et al.26 for
patients under 60 years of age and by Hollenberg and
Tager9 for patients aged 60 years and older.
CPETs were performed at baseline and after 3
months of cardiac rehabilitation. In order to take into
account the baseline values, changes in exercise param-
eters were expressed as percentages of change as fol-
lows: ((post-training variable – pre-training variable)/
pre-training variable) 100.
Training intervention
All patients were enrolled in a standard ambulatory,
supervised, 12-week cardiac rehabilitation program con-
sisting of three training sessions a week. Each training
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session consisted of 60 minutes of aerobic exercises
including cycling, running, arm ergometry, rowing and
standing calisthenics, followed by 30 minutes of muscle
strengthening exercises and relaxation exercises on the
ground. Exercise intensity was individually determined
for each patient based on the ﬁrst CPET using the
Karvonen formula (target training heart rate¼ (resting
heart rateþ 60% to 90% (peak heart rate – resting heart
rate))) and progressively increased throughout the
rehabilitation period.
Follow-up
The primary endpoint of the study was all-cause mor-
tality; CV mortality was the secondary endpoint.
Information about the vital status, date and cause of
death of the patients was obtained by consulting the
patients’ medical ﬁles. If no patient contact was regis-
tered in these ﬁles during the last 6 months, the
patients’ general practitioners (GPs) were contacted
by post. The follow-up period ended on 31 January
2014. The overall response rate was 89%. Deaths
were coded according the International Classiﬁcation
of Diseases (ICD-code), ninth revision.27
Statistical analyses
SAS statistical software version 9.3 for Windows (SAS
Institute, Inc., Cary, NC, USA) was used for descrip-
tive and survival analyses. GraphPad Prism 6.0
(GraphPad Software, San Diego, CA, USA) was used
to plot the ﬁgures and perform receiver operator char-
acteristic (ROC) curve analyses. Data are reported
as mean value SD or number (percentage).
Distributions were checked for normality with the
Shapiro–Wilk statistic. Comparisons between groups
were performed by unpaired t-test and chi-square con-
tingency analysis. Diﬀerences between baseline and
post-intervention values were investigated by paired t-
tests. The response to training of the OUES was calcu-
lated by subtracting the OUES before intervention
from the OUES after intervention and is reported
both in absolute values and as percentage changes.
The Cox proportional hazards regression model was
used for survival analysis.28 Relative hazard rates
with 95% conﬁdence limits are reported for single
and multiple regression analysis. All patient character-
istics, risk factors and exercise parameters were
included in the single Cox regression model. The sig-
niﬁcant univariate predictors of mortality were then
further added to the multivariate Cox regression
model. Variables included in the multivariate analysis
were post-training OUES, age, gender, history of dia-
betes and baseline OUES. History of diabetes was
coded 0 when the condition was absent and 1 when it
was present. Furthermore, ROC curve analysis was
performed in order to deﬁne the optimal cut-oﬀ value
of the training-induced change in OUES. This value
was chosen according to the highest sum of sensitivity
and speciﬁcity. Statistical results were considered sig-
niﬁcant if p< 0.05.
Results
Patient characteristics and exercise parameters
A ﬂowchart of patient inclusion in the study is provided
in Figure 1. Between January 2000 and March 2011,
1078 Caucasian CAD patients completed the ambula-
tory cardiac rehabilitation program. Vital status at the
end of the follow-up period could be tracked in 960
patients, and 118 patients were lost to follow-up for
the following reasons: GP retired (n¼ 20), died
(n¼ 12) or not willing to cooperate (n¼ 8), patients
changed their GP (n¼ 5) or no response was received
(n¼ 73). There were no signiﬁcant diﬀerences between
the patients who were lost to follow-up and the
included patients regarding baseline and training
parameters. The total follow-up period was 7057
Total first CR enrollment
between 2000 and 2010
n=2447 
Excluded from study
n=938
Non-ischemic heart disease
Exercise-induced ischemia
Exercise-induced ventricular
arrhytmias
ICD and/or pacemaker
(Concommittant) heart disease
other than coronary artery 
disease  
Eligible CAD patients
n=1509
Excluded due to missing data
n=431
CAD patients with complete
baseline and follow-up data
n=1078 
Lost to follow-up
n=118
Included in analysis
n=960
Figure 1. Flow chart of patient inclusion and exclusion criteria
for the study.
CR: cardiac rehabilitation; ICD: implantable cardioverter
defibrillator; CAD: coronary artery disease.
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patient-years with an average follow-up of 7.35 3.13
years (range: 0.45–13.8 years). The clinical characteris-
tics of the included patients are summarized in Table 1.
Overall, the mean age was 60.6 9.5 years. Diﬀerences
between survivors and non-survivors could be found
for age, resting systolic blood pressure, statins prescrip-
tion and a history of diabetes.
Exercise testing variables at baseline and after train-
ing are described in Table 2. Mean OUES at baseline
was 1760 586, corresponding to 70 19% of the pre-
dicted value,9,26 and peak VO2 was 19.7 5.6mL/kg/
minute, or 76 17% of the predicted value.6 Fourteen
of the included patients did not reach a peak RER of
>1.0 in one of the CPETs.
Training effect
Altogether, average training attendance was 2.26 times
per week. The mean overall training intensity,
determined as the ratio of mean exercise heart rate dur-
ing the last three training sessions and peak heart rate
during the post-training exercise test, was 83% in the
total study group (see Table 3). There were no diﬀer-
ences between survivors and non-survivors regarding
training characteristics (p> 0.05). The overall train-
ing-induced change of the OUES was 255 368
(17%). The distribution of the training-induced
change in OUES is shown in Figure 2. Resting
heart rate, resting diastolic blood pressure and
almost all exercise variables improved signiﬁcantly
after training. Training-induced changes in exercise
variables for the whole group are provided in Table 2.
The training-induced changes in gas exchange
variables and the diﬀerences in responses between sur-
vivors and non-survivors are shown in Table 3.
Survivors and non-survivors diﬀered signiﬁcantly
for training-induced changes in peak VO2 and OUES
(p< 0.05).
Prognostic significance of the OUES
A total of 105 (11%) patients died at an average of
5.51 3.15 years after starting the cardiac rehabilita-
tion program. Causes of death were CV in 46 patients
and non-CV in 59 patients, 45 of whom died of cancer,
and the remaining 14 patients died due to other or
unknown reasons (oﬃcial death certiﬁcates could not
be checked).
The relative hazard rates for all-cause mortality cal-
culated by the single Cox regression model are shown in
Tables 1 and 3. Table 4 provides an overview of the
relative hazard rates of the post-training OUES for all-
cause and CV mortality: 1) unadjusted; 2) adjusted for
age and gender; 3) adjusted for age, gender and history
of diabetes; and 4) adjusted for all previous variables
and baseline OUES. The relative hazard rate for the
unadjusted post-training OUES was 0.51 (p< 0.001)
for all-cause and 0.41 (p< 0.001) for CV mortality.
The relative hazard rate for post-training OUES, after
adjustment for all signiﬁcant covariates, was 0.53
(p< 0.05) for all-cause and 0.34 (p< 0.01) for CV
mortality.
In Table 5, the results from the survival analysis with
regards to changes in OUES are summarized, both
unadjusted and adjusted for signiﬁcant covariates.
The relative hazard rate for post-training OUES, after
adjustment for all signiﬁcant covariates, was 0.54
(p< 0.01) for all-cause and 0.37 (p< 0.05) for CV
mortality.
ROC curve analysis revealed an increase of 6% in
OUES with training as an optimal cut-oﬀ value with
50% sensitivity and 63% speciﬁcity. Figure 3 shows
Kaplan–Meier survival curves for patients according
to an achieved increase in the percentage of the
Table 1. Clinical characteristics of the patients at entry of the
study.
Characteristic
Overall
(n¼ 960)
Survivors
(n¼ 855)
Non-
survivorsa
(n¼ 105) RHR
Male gender 833 (87) 738 (86) 95 (90) 0.76
Age (years) 60.6 9.5 60.2 9.4 64.3 9.7*** 1.06***
Weight (kg) 79.3 12.2 79.3 11.8 79.5 15.0 1.004
BMI (kg/m2) 26.9 3.7 26.9 3.6 26.9 4.1 1.016
Resting
heart rate
(beats/minute)
63 11 65 12 67 11 1.01
Resting SBP
(mmHg)
130 20 130 19 136 20** 1.01
Resting DBP
(mmHg)
73 12 73 12 75 13 1.01
Treatment
Beta-blockade 839 (87) 746 (87) 93 (89) 1.06
Diuretics 143 (15) 122 (14) 21 (20) 1.80*
Lipid-lowering
treatment
613 (64) 557 (65) 56 (53)* 1.09
History of diabetes 97 (10) 74 (9) 23 (22)*** 2.77***
History of
hypertension
408 (48) 259 (42) 42 (43) 1.20
Current smoking
habits
48 (5) 42 (5) 6 (6) 1.17
Previous smoking
habits
512 (59) 444 (59) 68 (66) 1.24
Values presented are mean value SD or number (%).
*p< 0.05; **p< 0.01; ***p< 0.001.
aComparisons made by Wilcoxon signed rank test or Student’s t-test.
RHR: relative hazard rate for all-cause mortality calculated by the single
Cox regression model; BMI: body mass index; SBP: systolic blood
pressure; DBP: diastolic blood pressure.
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predicted OUES of less or more than 6%. The patients
who had an increased OUES percentage of less
than 6% were signiﬁcantly older and had a lower
training attendance. Moreover, there were signiﬁ-
cantly more fatal events in this low-response group:
14% fatal events in the non-responding group versus
9% in the group with an OUES increase of 6% or
more.
Prognostic significance of other exercise
testing variables
As shown in Table 3, the change in peak VO2 due to
exercise training was also related to all-cause mortality.
The VE/VCO2 slope did not change with training and
the change due to training was not signiﬁcantly related
to all-cause and CV mortality. When the change in the
Table 3. Exercise training data.
Overall Survivor Non-survivorsa RHR
Exercise training characteristics
Training frequency (times/week)
2.26 0.47 2.25 0.47 2.29 0.49
NS
1.02
NS
Training intensity (% peak HR)
82.5 12.1 82.5 11.9 82.8 13.3
NS
0.99
NS
Response to exercise training
Change in peak oxygen uptake (mL/minute)
328 234 335 233 268 236
(p< 0.01)
0.02
(0.09–0.53)
(p< 0.001)
Change in peak oxygen uptake (%)
22 16 22 16 20 24
(p< 0.05)
0.99
(0.98–1.0)
(p< 0.05)
Change in OUES
259 366 269 360 179 400
(p< 0.01)
0.49
(0.29–0.83)
(p< 0.01)
Change in OUES (%)
17 24 17 24 12 25
(p< 0.05)
0.99
(0.98–0.99)
(p< 0.05)
Change in VE/VCO2 slope
–1.1 4.1 –1.1 4.2 –0.87 3.67
NS
1.017
(0.97–1.07)
NS
Values presented are mean value SD or number (%).
aComparisons made by chi square analysis or unpaired Student’s t-test.
RHR: relative hazard rate for all-cause mortality, calculated by the single Cox regression model (the 95% confidence interval is shown in parentheses);
HR: heart rate; OUES: oxygen uptake efficiency slope; VE: minute ventilation; VCO2: carbon dioxide uptake.
Table 2. Training-induced changes in exercise variables.
Variable Baseline After training Absolute difference Relative difference p-value
OUES 1760 585 2019 662 259 366 17 24% <0.001
OUES (% predicted) 70.1 19.5 80.0 21.0 9.98 14.7 17 24% <0.001
Peak oxygen uptake (mL/minute) 1561 475 1889 559 328 234 22 16% <0.001
Peak oxygen uptake (mL/kg/minute) 19.7 5.6 23.9 6.5 4.16 3.02 22 17% <0.001
VE/VCO2 slope 29.6 5.90 28.5 5.4 –1.1 4.1 –2.4 13% NS
Peak ventilation (l/minute) 61.9 19.0 73.9 21.8 12.0 12.8 22 24% <0.001
Peak heart rate (beats/minute) 125 21 134 21 8.75 13.8 7.8 12% <0.001
Peak RER 1.21 0.11 1.21 0.11 –0.001 0.11 0.4 10% NS
Values presented are mean value SD.
OUES: oxygen uptake efficiency slope; VE: minute ventilation; VCO2: carbon dioxide uptake; RER: respiratory exchange ratio.
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VE/VCO2 slope was entered into the model, only the
change in OUES remained related to all-cause mortal-
ity (hazard ratio: 0.47; p< 0.05). When change in peak
VO2 was also entered into the model, this last param-
eter was the only determinant of all-cause mortality
(hazard ratio: 0.29; p< 0.05).
In the univariate Cox regression analysis, the post-
training VE/VCO2 slope and post-training peak VO2
were both related to survival. When entered together
with post-training OUES in a multivariate model, only
the post-training VE/VCO2 slope (hazard ratio: 1.062;
p< 0.01) and post0training peak VO2 (hazard ratio:
0.999; p< 0.01) remained related to all-cause mortality,
and signiﬁcance was lost for post-training OUES.
Discussion
To the best of our knowledge, this is the ﬁrst study that
investigated the prognostic value of the training
response of the OUES in a large group of patients
with CAD who participated in a cardiac rehabilitation
program. Our results show that the OUES at the end of
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Figure 2. Distribution of the OUES at baseline (blue, dotted bars) and post-training (red, striped bars).
OUES: oxygen uptake efficiency slope.
Table 4. Relative hazard rates and 95% confidence limits of the
post-training oxygen uptake efficiency slope for all-cause and
cardiovascular mortality.
All-cause
mortality
Cardiovascular
mortality
Unadjusted 0.51***
(0.37–0.70)
0.41***
(0.25–0.67)
Adjusted for
Baseline OUES 0.43**
(0.25–0.74)
0.28**
(0.12–0.65)
Baseline OUES and age 0.51*
(0.29–0.90)
0.33*
(0.14–0.78)
Baseline OUES,
age and diabetes
0.53
(0.30–0.94)
0.34*
(0.14–0.82)
Relative hazard rates for all-cause and cardiovascular mortality calculated
by the single and multiple Cox regression models; confidence limits are
shown in parentheses.
*p< 0.05; **p< 0.01; ***p< 0.001.
OUES: oxygen uptake efficiency slope.
Table 5. Relative hazard rates and 95% confidence limits of the
change in oxygen uptake efficiency slope for all-cause and car-
diovascular mortality.
All-cause
mortality
Cardiovascular
mortality
Unadjusted 0.49**
(0.29–0.83)
0.34**
(0.16–0.75)
Adjusted for
Baseline OUES 0.43**
(0.24–0.74)
0.28**
(0.12–0.65)
Baseline OUES and age 0.50*
(0.29–0.89)
0.32*
(0.13–0.78)
Baseline OUES,
age and diabetes
0.53*
(0.30–0.93)
0.34*
(0.14–0.82)
Baseline OUES,
age, diabetes
and diuretics
0.54*
(0.30–0.95)
0.37*
(0.15–0.90)
Relative hazard rates for all-cause and cardiovascular mortality calculated
by the single and multiple Cox regression models; confidence limits are
shown in parentheses.
*p< 0.05; **p< 0.01.
OUES: oxygen uptake efficiency slope.
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3 months of cardiac rehabilitation is more strongly
related to outcome than the baseline value. This indi-
cates that cardiac rehabilitation enables us to distin-
guish patients with a false-negative outcome based on
baseline exercise capacity from patients with a true-
negative outcome (low baseline exercise capacity and
low response to exercise training) who are in need of
closer medical follow-up.
In the present study, OUES increased on average by
17% after a 3-month cardiac rehabilitation program.
An increase in peak VO2 after exercise training is well
documented,29–32 and our group already demonstrated
that the OUES shows a similar response to training
in CAD patients.10 Furthermore, previous research
showed that cardiac rehabilitation reduces the risk
for future fatal and non-fatal events in patients
with CAD.22,31,33–36 This was summarized in several
meta-analyses, which showed that the risk for
all-cause and CV mortality was signiﬁcantly lower in
cardiac rehabilitation groups compared to control
groups.18,31,33,35,38 Thus, an increase in exercise cap-
acity is related to a reduction of all-cause and CV
events.22,32,34,36,39
Regarding submaximal measures of exercise cap-
acity, one study in patients with CAD found an
increase in exercise capacity, expressed in metabolic
equivalent of the task, of 32% after a 12-week cardiac
rehabilitation program. They calculated the Duke prog-
nostic risk score, which is a validated risk score that
predicts 5-year CV mortality using data from an exer-
cise tolerance test, and found that the risk for CV mor-
tality decreased by 33% among their study
participants.39 Another study found that each 1 MET
(corresponding to 3.5mL/kg/minute VO2) increase in
submaximal eﬀort was associated with a 34% reduced
risk in mortality.34
Training response
In our study, patients with a training-induced improve-
ment in OUES of less than 6% were at higher risk of
mortality. One reason for a lack of a favorable response
to cardiac rehabilitation could be an insuﬃcient train-
ing dose. Indeed, our results showed that patients with
an increase in exercise capacity of less than 6% had a
signiﬁcantly lower training attendance compared to
those who showed an improved exercise capacity of
more than 6%. It therefore seems important to empha-
size exercising on a regular base, preferably at least
three times a week. However, on the other hand, a
low training response can also be a result of underlying
pathological mechanisms making it diﬃcult for a
patient to improve exercise capacity by training.
Determining which parameters relate to an unfavorable
response to training might enable us to better adapt the
training program according to every patient’s needs.
Therefore, patients who do not signiﬁcantly improve
in exercise capacity after a training program should
be carefully monitored.40
There is abundant evidence highlighting the prog-
nostic value of the training-induced changes in peak
exercise capacity. Our results also conﬁrm the value
of changes in peak VO2 by training and show stronger
prognostic value of changes in peak VO2 when com-
pared to changes in OUES. In our study, maximal
eﬀort was reached in almost all CPETs, so changes in
peak VO2 would be the preferred outcome to focus on.
However, in case of sub-maximally executed CPETs,
which is the case when tests need to be interrupted
because of ischemia, arrhythmias, ICD thresholds,
etc., the change in OUES becomes the measure of
choice for predicting exercise-induced outcomes.
Post-CR versus baseline values
After adjusting for baseline OUES, which was a signiﬁ-
cant covariate, the post-training OUES remained a sig-
niﬁcant predictor of both all-cause and CV mortality,
indicating that the post-CR value is a stronger pre-
dictor than the baseline OUES. We showed that an
increase of post-training OUES of 100 units is asso-
ciated with a decreased risk of all-cause and CV mor-
tality of 5% and 6%, respectively.
Post-training OUES holds prognostic information
on its own; however, when the established prognostic
exercise markers of peak VO2 and the VE/VCO2 slope
are added to the model, post-training OUES is no
longer a marker for all-cause and CV mortality.
Study limitations
A ﬁrst limitation of our study consists of the fact that
all patients voluntarily chose to participate in the
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cardiac rehabilitation program and might as such con-
stitute a selected population. Second, the female gender
was under-represented in the present study. Third, data
on possible inﬂuencing cofactors such as other medica-
tion use, left ventricular ejection fraction, habitual
physical activity levels, etc., were not available, which
is a result of the retrospective design of this study.
Fourth, death certiﬁcates could not be checked, result-
ing in unknown causes of death for a proportion of the
studied patients. This might have introduced some bias
into the regression analyses.
Conclusion
Post-CR OUES has stronger prognostic value com-
pared to baseline OUES. The lack of improvement in
exercise capacity, as expressed by OUES, after an exer-
cise training program relates to a worse prognosis,
resulting in further distinction between patients with
favorable and unfavorable prognoses.
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